Mesenchymal stem cells (MSCs) have the capacity to differentiate into several cell lineages, some of which can generate bone, cartilage, or adipose tissue. The presence of MSCs in the synovial membrane was recently reported. Data from comparative studies of MSCs derived from various mesenchymal tissues suggest that MSCs from synovial membranes have a superior chondrogenesis capacity. Previous chondrogenic differentiation studies have used the total population of MSCs, including cells with several MSC markers, such as CD44, CD90, CD105, or CD73. However the chondrogenic capacity of an individual population of MSCs has not been examined. Our aim was to study the chondrogenic capacity of the cellular MSC subset, CD105 + , derived from synovial membrane tissues of patients with osteoarthritis (OA) and normal donors. The tissues were digested with a cocktail of collagenase/dispase and the isolated MSCs were seeded into plates. The subpopulation of CD105 + -MSCs was separated using a magnetic separator. The MSCs were then differentiated towards chondrocyte-like cells using a specific medium to promote spheroid formation. Spheroids were collected after 14, 28, and 46 days in chondrogenic medium and stained with hematoxylin, eosin, Safranin O or Alcian blue to evaluate the extracellular matrix. Immunohistochemistry was performed to study collagen types I (COLI) and II (COLII) and aggrecan expression. Phenotypic characterization of the isolated CD105 + -MSCs shows that these cells are also positive for CD90 and CD44, but negatives for CD34 and CD45. In addition, this cellular subset expressed Sox-9. Spheroids appeared after 7 days in culture in the presence of chondrogenic medium. Our studies show no differences between MSCs obtained from OA and normal synovial membranes during chondrogenesis. The morphological analysis of spheroids revealed characteristics typical of chondrocyte cells. The intensity of Safranin O, Alcian blue and aggrecan staining was positive and constant throughout the culture period. However, the intensity of COL2 staining was higher at 28 days (84.29 ± 0.1 U) than at 46 days (61.28 ± 01 U), while COL1 staining was not detected in any samples analyzed. These results were confirmed by reverse transcriptase-polymerase chain reaction assays. We conclude that the cellular subset of CD105 + -MSCs has chondrogenic capacity. The study also show the similar chondrogenic capacity of CD105 + -MSCs cultured from normal and OA synovial membranes.
MSCs should be negative for the hematopoietic markers, CD34 and CD45, and positive for CD29, CD44, CD90, and CD105 [Pittenger et al., 1999; Horwitz et al., 2005; Dominici et al., 2006] .
The presence of MSCs in synovial membranes was recently reported [Fickert et al., 2003; Vandenabeele et al., 2003] . These synovial cells were defined as mesenchymal by their phenotypic profile and potential for differentiation, and were also shown to have ultra-structural and morphologic features similar to B synoviocytes [Vandenabeele et al., 2003] . Previous studies found that MSCs could be isolated from the synovial membrane by the same protocol that was employed for synovial fibroblast cultivation. This suggests that MSCs correspond to a subset of the adherent cell population similar to MSCs from the stromal compartment of the bone marrow (BM) [Pittenger et al., 1999; Majumdar et al., 2000; Fickert et al., 2003] .
Although the BM-derived and synovium-derived MSCs share similar phenotypic and functional properties, it is possible to discriminate between the two cell populations from tissues of different origin because of their differentiation capacities and transcriptional profiles [Djouad et al., 2005] . Data from comparative studies of MSCs derived from various mesenchymal tissues suggest that the MSCs from synovial membranes have a superior chondrogenesis capacity [Sakaguchi et al., 2005; Shirasawa et al., 2006] . Chondrogenic studies have used a pool of MSCs, which included cells with the classical MSC antigens (CD44, CD90, CD105, and CD73). The pluripotency of a pool of MSCs obtained from synovial membranes was published by several authors [De Bari et al., 2001 ], but thus far no reported study has analyzed the chondrogenic capacity of different subsets of these MSCs. Interestingly, some reports indicate that MSCs are present in articular cartilage from adult humans and a phenotypic analysis revealed that MSCs are CD105 + [Hiraoka et al., 2006] . Several authors have focused their research on the plasticity of the subset of 105+ cells from bone marrow MSCs [Campioni et al., 2003; Aslan et al., 2006; Jarocha et al., 2008; Kastrinaki et al., 2008] . Our first goal was to assess the chondrogenic potential of the subset of CD105 + -MSCs from synovial tissues. We also examined whether the capacity for chondrogenesis of subsets of CD105 + -MSCs from OA and normal synovial tissues differs, indicating that OA pathology could influence differentiation.
For this study, we developed an efficient and reproducible procedure for the isolation of mesenchymal stem cells from synovial tissues of normal and OA human donors based on the expression of the antigen CD105. We have selected CD105 because it is a major glycoprotein of the human vascular endothelium, an endoglin, which is a type I integral membrane protein with a large extracellular region, a hydrophobic transmembrane region and a short cytoplasmic tail. It also contains an RGD tripeptide, which may be important for cellular adhesion. CD105 binds to transforming growth factor-β1 (TGF-β1) and TGF-β3 by associating with the TGF-β type II receptor as well as with bone morphogenetic protein-7 (BMP-7) by associating with the activin type II receptor. Thus, CD105 is an accessory protein of multiple TGF-β superfamily kinase receptor complexes [Bellon et al., 1993] . It is known that TGF-β3 is the key transcription factor for differentiating MSCs into chondrocytes. We also demonstrated that the use of spheroid cultures is a useful methodology to analyze the chondrogenic differentiation of MSCs.
Materials and methods

Tissue Collection
Synovial membranes were obtained from 10 patients undergoing total knee arthroplasty for clinically and radiologically diagnosed OA. In addition, normal synovial membranes were obtained from 10 patients undergoing knee amputation who had no history of joint disease. In all cases, patients were excluded if there was any history of inflammatory arthropathies or infection within the knee. All tissues were obtained with fully informed consent and ethical approval under the supervision of CEIC of Galicia (Ethical Committee of Galicia).
Isolation, Characterization, and Culture of MSCs
Synovial membranes were harvested and subjected to sequential digestion with 1.2 U/ml dispase and 112 U/ml type I collagenase for isolation of MSCs, as previously described [Kawaguchi et al., 2005] . Synovial membrane MSCs were cultured in monolayer in Dulbecco´s modified eagles medium (DMEM), 15% fetal bovine serum (FBS), 1% penicillin and 1% streptomycin (all from Sigma-Aldrich, St. Louis, MO) until 90% confluency was achieved. The process is summarized in Fig. 1A . Pre-plating for 15 min was done to eliminate any fibroblasts remaining in the culture [Richler and Yaffe, 1970] . When the cells reached 90% confluency, the CD105 + subpopulation was isolated by magnetic separation (MACS separator, Miltenyi Biotec, Madrid, SP) using an anti human-CD105 antibody (Milteny Biotec) ( Fig. 2A) . + -MSC population for various markers characteristic of MSCs. These markers characteristic of stem cells included CD44, CD105, and CD90, which were positive, and CD45, CD34, which were negative. The CD105 + -MSCs were cultured in DMEM, 15% FBS, 1% penicillin and 1% streptomycin until 90% confluency was attained. The cells were then seeded into chamber slides at 2.5 × 10 4 cells per chamber with a new medium containing of DMEM, 15% FBS, 1% penicillin, 1% streptomycin, 1.5 × 10 −4 M of monothioglycerol (MTG), 5 mg/ml ascorbic acid (AA), and 6 µg/ml transferrin (TRANS) (all from Sigma-Aldrich) for 2 days to induce spontaneous spheroid formation [Arufe et al., 2006] (Fig.  1B) . After 2 days, the medium was replaced by a chondrogenic medium to induce differentiation of the cells into the mesodermal cell type. The chondrogenic medium contained DMEM, 15% knockout™ serum GIBCO (Invitrogen, Barcelona, SP), 0.5 mM AA, 6 µg/ml TRANS, 10 µM dexamethasone (DEX), 1.5 × 10 −4 M of MTG, 1 × 10 −7 M retinoic acid (RA) and 1 ng/ml recombinant human transforming growth factor-β3 (rhTGF-β3) from ProSpec-Tany TechnoGene (Deltaclon, Madrid, SP). This medium was changed every 3 days.
In addition we cultured CD105 + -MSCs from normal and OA synovial membranes in adipogenic and osteogenic commercial media from Cambrex (Celta Ingenieros, La Coruña, SP), following the manufacturer's protocol, to verify the mesodermal potential of these sub-populations of MSCs to differentiate into other mesodermal lines. The adipogenic culture was stained with oil red O. In summary, after 21 days in culture, culture plates were fixed in 10 mM sodium periodate, 2% paraformaldehyde, 75 mM L-lysine dihydrochloride, and 37.5 mM sodium phosphate (dibasic), pH 7.4, (all from Sigma) for 15 min at room temperature and then air dried and stained in a filtered solution of 0.3% oil red O to reveal any lipid vacuoles in the culture. The osteogenic culture was stained with alizarin red to test calcium deposits after 21 days in culture. In summary, after fixation, cells were covered with alizarin red S solution (2% aqueous solution [pH 4.2]; Sigma) for 3 min. Cultures were then washes thoroughly with distilled water.
Pellets of the CD105 + -MSC subpopulations from OA and normal synovial membranes containing 5 × 10 5 cells were made by centrifuging the cells (at 200g) for 15 min. The CD-105 + MSCs were then cultured for differentiation using the chondrogenic-specific medium.
RNA Extraction and cDNA Synthesis
Total RNA was extracted from cells in culture and from the spheroids using the Trizol L.S. reagent method (Invitrogen). Reverse transcription (RT) was performed using the Superscript II system (Invitrogen). Total RNA (2 µg) was reverse transcribed in a 20 µl reaction volume containing Superscript II (200 U), random primers (25 µM), and dNTP (0.5 mM each) at 42°C for 50 min.
Polymerase Chain Reaction (PCR) Analysis
The reported sequences of genes for human COL2, aggrecan, Sox9, Oct-4, Nanog, and β-actin were used for primer design. The specific primers for PCR amplification are listed with expected fragment size and annealing temperature in Table I . Semi-quantitative PCR was performed to determine the expression of COL2, and aggrecan, two chondrocyte genes that are regulated by Sox9 [Akiyama, 2008] and COL1. [Lin et al., 2005] Aggr. gcagagacgcatctagaaattg ggtaattgcagggaacatcatt NM_013227 55 [Lin et al., 2005] The amplification program consisted of an initial denaturation step at 92°C for 2 min followed by 40 cycles at 92°C for 15 s, an annealing step at 55-62°C depending on the gene for 30 s, and an extension step at 72°C for 15 s. Each PCR analysis was done in duplicate, with each set of assays repeated three times.
Spheroid Histological and Immunohistochemical Analysis
Spheroids and pellets from CD105 + -MSCs that had been cultured for differentiation using the chondrogenic-specific medium were frozen in O.C.T™ Compound (Tissue-Tek®) embedding matrix (BDH Chemicals, Poole, UK). Full-depth sections (thickness 4 µm) were cut with a cryostat (Leica Microsystems, Barcelona, SP) and fixed in 4% (w/v) paraformaldehyde (Sigma-Aldrich) in phosphate buffered saline (PBS), pH 7.6. Sections were stained with hematoxylin and eosin, Safranin O, or Alcian blue (all from Sigma-Aldrich) to evaluate the distribution of proteoglycans in the matrix. Other sections were immunostained with monoclonal antibodies against human COL1, COL2 (1:100 and 1:50, respectively; Abcam, Cambridge, UK). Some sections were stained with aggrecan C-20 (1:100; Santa Cruz Biotechnology, Inc., CA), which is an affinity-purified goat polyclonal antibody raised against a peptide mapping near the carboxy-terminus of human aggrecan, as previously described [Kafienah et al., 2002] . Biotinylated secondary antibodies were detected with a peroxidase-labeled biotin-streptavidin complex (Vectastain Elite kit; Vector Laboratories, Peterborough, UK) containing a diaminobenzidine substrate (Vector Laboratories) (1:1,000). Additional analyses were performed to check for hyperthrophy in our model of chondrogenic differentiation. Anti human collagenase-3 from Neomarker (1:100; bioNova Científica, Marid, SP) was used. Collagenase-3 is a recently identified member of the matrix metalloproteinase (MMP-13) family that is expressed in articular cartilage from arthritic patients [Takaishi et al., 2008] . A monoclonal anti-collagen type X (COL X) (1:100; Sigma-Aldrich), which reacts specifically with native and denatured collagen type X was also used. Normal human cartilage was used as a positive control for the detection of COL2 and aggrecan C-20, OA human cartilage was used as a positive control for COLX and MMP-13, and normal human skin was used as a positive control for COL1. Normal mouse serum was used as a negative control for all tests. AnalySIS Image Processing (Soft Imaging system GmbH V. 5.0, Olympus, Münster, Germany) was used to quantify the intensity of the different antibodies obtained by immunohistochemical analysis as shown in Table II . To summarize, three 200 µm 2 fields from each antibody and time interval were quantified using arbitrary units assigned by the computer program. 
Flow Cytometry Analysis
The cells were fixed in 4% paraformaldehyde in PBS (pH 7.4). Following fixation, the cells were washed twice with PBS, permeabilized with PBS containing 0.1% Triton X-100 for 10 min, then preblocked with 3% bovine serum albumin (BSA) in PBS. The primary antibodies used were mouse antihuman CD34 (1:20 DakoCytomation, Barcelone, SP), FITC mouse anti-rat CD45 (1:20), FITC mouse anti-human CD105 (1:100 from Serotec, Bavaria, Germany), FITC mouse anti-human CD44 (1:100 from Serotec) and PE-Cy5-conjugated mouse anti-human CD90 (1:20 from BD Pharmagen, Madrid, SP). For detection of primary antibodies not directly labeled, the cells were washed with PBS, then incubated with polyclonal rabbit anti-mouse IgD/FITC Rabbit F(ab′)2 (1:1,000 from DakoCytomation) for 30 min at room temperature. The stained cells were then washed twice with PBS and 1.0 × 10 6 cells were analyzed using a fluorescence-activated cell sorting (FACS) Calibur flow cytometer (BD Bioscience, Madrid, SP). Flow cytometry data were generated on CellQuest and DIVA software (BD Bioscience).
Protein Isolation and Immunoblot Analysis
Immunoblot analysis was performed on 40 µg of the total protein extracted from cells in culture as previously described [Matsushime et al., 1994] . The blots were probed with antibodies directed against human Oct4 and β-tubulin (both from Sigma-Aldrich). A secondary anti-mouse antibody (Santa Cruz Biotechnology, Inc.) was used to visualize protein using an Amersham™ ECL™ Western Blotting Analysis System (GE Healthcare, Amersham Biotechnology, UK). Ideal concentrations for each antibody were empirically determined. Working concentrations were 1:1,000 of the recommended stock solutions.
Statistics
All experiments were performed in triplicate and one representative set was chosen to be shown. Statistical analyses were performed by the Student T test using SPSS 16.0. A P-value less than 0.05 was considered statistically significant.
Results
Isolation and Characterization of CD105 + -MSCs
The percentage of CD105 positive cells in the MSC population was between 15% and 20% before separation, increasing to 95% following separation. FACS analysis of CD105 + -MSCs from synovial membranes after magnetic separation using the MACS separator (Miltenyi Biotec, Madrid, SP) showed that the methodology was 95% accurate (Fig. 2A) . Phenotypic characterization of separated CD105 + -MSCs showed no significant differences for any markers when comparing OA and normal CD105 + MSCs [CD44 (90%), CD90 (95%), CD105 (95%)]. Expression levels of CD45 and CD34 were negative for both OA and normal cell sub-populations (Fig. 2B) .
Analyses of mRNA transcripts obtained from normal and OA MSCs before and after separation of the CD105 + -MSCs were done to determine the expression pattern of Oct4, Nanog, and Sox9 in these cells. Oct4 and Nanog are transcription factors expressed in embryonic stem cells, but not in their differentiated progeny. The transcription factor Sox9 is required to induce chondrogenesis. Our data demonstrate that total MSCs express the genes Oct-4 and Nanog, but OA and normal CD105 + MSCs separated by magnetic separation do not (Fig. 3A) . However, MSCs, CD105 + -MSCs and CD105 − -MSCs all express Sox-9 (Fig.  3A) . Western blot analysis, using the total protein extracted from normal and OA MSCs before and after separation of CD105 + -MSCs, shows similar results for Oct-4 at the protein level (Fig. 3B) . 
Chondrogenic Capacity of the Subset CD105 + -MSC
To determine the chondrogenic capacity of CD105 + -MSCs obtained from both, normal and OA synovial membranes, immunohistochemistry was performed at days 14, 28, and 46 in culture in the presence of chondrogenic medium. Chondrogenic differentiation assays were also performed using unsorted MSCs from normal synovial membranes (Fig. 4A) . Very weak expression of collagens was detected by Safranin O, Alcian blue and the COL2 antibody in these cultures. No spheroid formation or aggrecan expression could be detected after 14 days of culture and no cells survived after 28 days of culture. The expression of COL2 was more intense at 28 days compared to 46 days in spheroids from both normal (84.29 ± 0.1 vs. 61.28 ± 0.1 U, P < 0.05) and OA synovial membranes (95.22 ± 0.1 vs. 77.35 ± 0.1, P < 0.05) (Table II) . However, we found only weak staining for COL1 at 14, 28, and 46 days, as shown in Figure 4B -C and Table II . These data strongly indicate that COL1 is not expressed by chondrocyte-like cells at any time. In addition, aggrecan C-20, which is an affinity purified goat polyclonal antibody raised against a peptide mapping near the carboxy-terminus of human aggrecan, as well as Safranin O and Alcian blue staining, were detected at all time points but no significant differences were seen in the staining patterns. Hematoxylin and eosin staining was performed to study the morphology of the spheroids over time. Spheroids were harvested after 14, 28, and 46 days in culture and RT-PCR was performed to determine the expression levels of the COL1, COL2 and aggrecan genes, as indicators of the differentiation stage of the cells. While aggrecan and COL2 were expressed throughout the culture period in both normal and OA cells, there was no expression of COL1 (Fig. 5A) . We detected increased expression of COL2 at 28 days of culture in both normal and OA cells. Aggrecan exhibited higher expression levels at 28 days of culture in normal cells, but was expressed at constant levels in OA cells (Fig. 5A,B) . In addition we performed adipocyte and osteoblast differentiation studies to verify that CD-105 + -MSCs were adult stem cells capable of differentiating into additional mesodermal specific cell lines. The adipocyte cells stained positive for lipid vacuoles with Oil red O and the osteoblasts for calcium deposits with Alizarin red (Fig. 6) , demonstrating that these cells were pluripotent for mesoderm cell types. 
Morphologic Analysis of Spheroid and Pellet Cultures
Spheroids and pellets were kept in culture for up to 46 days to examine their morphology. After 14 and 28 days in culture, spheroids from CD105 + -MSCs of normal and OA synovial membranes were compact and very cellular (Fig. 4B,C) . At 46 days in culture, structures similar to lacunae, which are very similar to those found in native cartilage, were observed in spheroid and pellet cultures (Fig. 7B,C) . A large amount of collagen was detected in the cells in spheroid culture using the Mason's trichromic stain, as well as pink staining of the cytoplasm (Fig. 7B,C) . In addition, the staining revealed a capsular structure surrounding the spheroid as shown in Figure 7B ,C using cultured pellets and spheroids from both sub-populations of CD105 + -MSCs (normal and OA). No gross morphological differences were detected between spheroid and pellet cultures. 
Discussion
During the past decade, MSCs have been shown to exhibit unexpected plasticity, originally thought to be the explanation for their broad therapeutic efficacy in animal models and human clinical trials. The analysis of the MSC transcriptome has led to the identification of subpopulations expressing a variety of proteins that function in angiogenesis, haematopoiesis, neural, immunity, and defensive activities [Djouad et al., 2005] . Evidence now indicates that the biochemical heterogeneity of these subpopulations contributes more significantly to the therapeutic potential of MSCs than does their stem cell plasticity [Phinney, 2007] . It has been suggested that stem cells types expressing high levels of the CD44, CD90, and CD105 markers could play an important role in chondrogenesis [Tew et al., 2008] . In this study we analyzed the chondrogenic capacity of the CD105 + -MSCs subset of synovial MSCs. We first confirmed previous data showing that MSCs obtained from synovial membranes expressed such markers as CD44, CD90, and CD105 known to be present in bone marrow MSCs (BM-MSCs) [Djouad et al., 2005; Dominici et al., 2006] . MSC populations obtained from synovial membranes expressed several of these surface receptors, including CD44, CD90, CD105, but lacked the expression of definitive hematopoietic lineage markers, including CD34 and CD45 (Fig. 2B) .
Our study focused specifically on the separation of CD105 + -MSCs from the total pool of MSCs and their subsequent differentiation into chondrocytes. CD105 (endoglin), a major glycoprotein of the human vascular endothelium, is a type I integral membrane protein with a large extracellular region, a hydrophobic transmembrane region and a short cytoplasmic tail. It also contains an RGD tripeptide that may be important for cellular adhesion. CD105 binds to TGF-β1 and TGF-β3 by associating with the TGF-β type II receptor. It also binds to BMP-7 by associating with the activin type II receptor. Thus, CD105 is an accessory protein for multiple TGF-β superfamily kinase receptor complexes [Bellon et al., 1993] . TGF-β3 is known to be the key transcription factor commonly used to differentiate MSCs into chondrocytes. Alsalameh et al. 2004 identified a subpopulation CD105 + cells in human articular cartilage capable of differentiating into chondrocytes, suggesting that CD105 cells could be a good marker of chondrogeny. We used flow cytometry to determine the enriched CD105 + -MSC population before and after separation by a magnetic process. We were able to achieve 95% purity of the CD105 + cells (10 × 10 5 cells were measured), which is a very high separation rate [Parolini et al., 2008] considering that only 15% of the total MSC population is CD105 + . We confirmed also that this cell population maintains the characteristic phenotype of MSCs, the expression of CD44, CD90, and CD105, as shown in Figure 2B .
All MSCs express Nanog and Oct4, indicating their lack of differentiation and pluripotentcy. However, following separation, the subpopulation of CD105 + -MSCs express neither Nanog nor Oct4, which may indicate that this population of cells is undergoing differentiation. The expression of Nanog and Oct4 is detected in the CD105 − -MSC subpopulation (Fig. 3A) indicating the pluripotentiality of these cells. The transcription factor Sox9 was also found in the total MSC population as well as the CD105 + -MSC and CD105 − -MSC subpopulations, which we confirmed by RT-PCR. Sox9 is crucial for chondrogeny, indicating that the total population of MSCs may be able to differentiate into chondrocytes, although not through spheroid formation. Coincidentally, our total MSC population model was not able to form spheroids, and the few chondrocyte-like cells obtained did not express aggrecan (Fig. 4A) [Alsalameh et al., 2004; Kawakami et al., 2005] . Western blot analysis (Fig. 3B) − -MSC subpopulation. With the results showed in this study we can not discuss the chondrogenic capacity of total MSC population and CD105 − -MSC subpopulation because both cell subpopulations were not capable to form spheroids. However experiments carried out in our lab using pellets showed the chondrogenic capacity of total MSC population and CD105 − -MSC subpopulation. This study focused on the chondrogenic capacity of the CD105 + -MSC subpopulation. Immunohistochemical analyses of the differentiation method employing formation of spheroids indicate that COL2 and aggrecan C-20, but not COL1, are expressed early in chondrogenesis. We were also able to show increased glycosaminoglycan accumulation, supported by the positive staining with Safranin O, and Alcian blue at all times studied. The protein expression of COL2 and aggrecan C-20 increased up to day 28 and decreased after 46 days in culture. One possible explanation for these findings might be a dedifferentiation of CD105+-MSCs into other cell types after 28 days of culture. Similar effects have been described by other authors when differentiating MSCs into different cellular lineages in vitro [Drengk et al., 2009] . The RT-PCR results obtained from spheroids corroborated the immunohistochemistry results. We found expression of COL2 and aggrecan in the chondrocyte-like spheroid cells cultured for 14, 28, and 46 days, indicating that these cells are early chondrocyte-like cells because COL2 has been found only in cartilaginous tissues. The weak expression of COL1 and the absence of differences of levels in its expression shown by immunostaining would indicate that our CD105 + -MSCs were not contaminated by fibroblasts. These results are quite similar to those of Tew et al. 2008 , who reported that cellular proliferation resulted in an increased expression of COL2 and aggrecan during the first 7 days of culture. The accumulation of a glycosaminoglycan-rich extracellular matrix (ECM) and the up-regulation of the chondrocyte-specific ECM genes, COL2 and aggrecan C20, also occurred from day 14 on in our model. The major gain in weight of the spheroids occurred at 28 days in culture and this weight decreased after 28 days raised their minor amount of COL2 and aggrecan C20 at 46 days in culture. This indicates that the weight gain occurred through the deposition of cartilage-specific ECM proteins and proteoglycans, which had increased at day 28 of culture. In addition, the deposition of cartilage-specific ECM proteins and proteoglycans was reduced in the spheroids after 48 days in culture, which could explain the decrease in COL2 and aggrecan C20 expression in the spheroids at 48 days of culture (Table II) . Hypertrophy markers, such as COLX and MMP-13, were analyzed to determine whether the catabolic process was influenced by our model, thus explaining this decrease. Because no significant differences were found in the expression of COLX and MMP-13 in the spheroids between 28 and 46 days we did not pursue this line of investigation (Fig. 8) . + -MSCs form a normal subject (above) and CD105 + -MSCs from an OA patient (below) (magnification 20×).
